LETTERS TO THE EDITOR

Comment on the Invited Editorial 'Effectiveness of tritium beta particles'
Dear Sir I wonder why an essential part of experiments on tritium risk is consistently neglected in reviews (or editorials such as that by Bryn A Bridges (2008 J. Radiol. Prot. 28 1-3) on tritium: the risk exerted by tritiated DNA-( 3 H-thymidine, for example) and histone-precursors (like 3 H-arginine). Quite a number of papers were published in the 1970s-1990s addressing this problem (see below). These compounds are, of course, (hopefully) not released into the environment as such; but HTO can be used by plants and microorganisms to produce tritiated molecules which may be incorporated into macromolecules of human cell nuclei via the food chain. In this context, the RBE discussion (although important for, e.g., HTO) is almost irrelevant. The reason is simple: due to the highly inhomogeneous distribution, 3 H-thymidine, for example, is between 1000 and 5000 times more effective than HTO when the same activity is applied. In this case, the amount of activity taken up by the human body primarily counts, not RBE. The problem is the short range of the β-particles emitted by tritium with the result that almost all of the energy is deposited in the cell nucleus. For that reason, 14 C-thymidine is less effective, because after incorporation into the DNA most of the energy will be deposited outside of the cell nucleus.
In the papers mentioned below, embryos, particularly preimplantation embryos, were used as the experimental system. There is, however, no reason to assume that the results will be markedly different in other cell types. It is urgently required to draw the attention, in particular, of those people advancing fusion technology to this problem. It might turn out that the conversion of HTO/HT in the environment into cell nucleus-seeking compounds is negligible, but this should be checked before substantial releases of inorganic tritium compounds occur. Reply to "Comment on the Invited Editorial 'Effectiveness of tritium beta particles' "
Dear Sir
The three-page editorial to which Dr Müller refers was focused on the epidemiological paper in the same issue and did not attempt to cover the contents of the 90 page AGIR report from which it derived. In fact the question of the risk from tritiated DNA was dealt with in that report and the specific nature of that hazard was acknowledged. One of the papers to which Dr Müller refers (Streffer et al 1977) does indeed show that for a number of related endpoints (mouse blastocyst formation, morula, 2-, 4-, 6-, 7-, 8-cell embryo formation) there is of the order of 1000-fold difference in effect per unit activity between tritiated water (HTO) and tritiated thymidine. However, this result was obtained with the essentially artificial situation of an in vitro culture containing tritiated thymidine for the duration of the experiment. All DNA synthesis in the developing embryo led to incorporation of the thymidine provided, much of which was tritiated. Moreover, the ratio quoted by Müller is based on units of activity in the medium, not on dose to either cell or nucleus. When the tritium activities are converted to dose to DNA then it is seen that there is little difference between HTO and tritiated thymidine. Thus, Streffer et al estimated that tritiated thymidine at 0.5 μCi/ml resulted in a DNA dose rate of 70 mGy/hour and its effect was similar to that of 500 μCi/ml HTO which gave a (uniform) dose rate of 60 mGy/hour.
The situation in the mammalian body is quite different. Almost all thymidine ingested (around 98%) is broken down in the gut (Lambert and Clifton 1968) and reappears after catabolism as HTO in the body fluids. In adult mammals, therefore, one would not expect the effectiveness of tritium ingested in thymidine to be more than a small factor greater than that expected from HTO (see, e.g., Commerford et al 1977 Commerford et al , 1982 . Such evidence as exists is consistent with this expectation (e.g., Lambert (1969), studying spermatogonial survival). The extra effectiveness of tritiated thymidine would be expected to be most apparent in the developing embryo, but even here the evidence from pregnant mice suggests doses to the developing embryo only a few times greater than for HTO (Schreml and Fliedner 1978 , Lambert and Phipps 1977 , Saito et al 1985 .
Free tritiated thymidine is notoriously unstable and is unlikely to exist in the environment or pose any significant risk. Tritiated thymidine in DNA in food is, on the contrary, much more stable and its contribution to risk as part of ingested organically bound tritium (OBT) is discussed in the AGIR report. Overall, while the evidence does not suggest that OBT presents a markedly greater risk than HTO (probably no more than two-fold) there are considerable differences from one food component to another, and in an ideal world one could wish for more and better studies on organically bound tritium ingested in food. An RBE study of OBT would indeed be of value. 
References
Causes of cancer
Dear Sir I am distressed to read in the March issue of this journal [1] a sentence that states, "Case studies have shown that radon gas can accumulate within domestic properties at sufficiently high levels that it can cause lung cancer." (my emphasis). Such a statement is extremely misleading since, in fact, all one can really say is that increasing the quantity of radiation absorbed by an organ is likely to increase the probability that a cancer will subsequently develop. There is no direct, deterministic relationship between the radiation and the cancer. If, as a contrasting example, a voltage V is applied to a conductor of resistance R at a fixed temperature, this will cause a current I to flow whose magnitude is given by V /R. There is no question of a 'probability of causation' being involved. No analogy exists for the induction of cancer. One can speak only of a probability, and then consider the appropriate relationship between the dose and the probability of cancer induction. When I used to teach radiation science I used to make the analogy with the National Lottery: buying a ticket does not cause you to become rich, it only very slightly increases the probability that this might be the outcome.
If we, as physicists, present information in such a misleading manner, what hope is there that the public at large will grasp what we are trying to convey?
